Basophilic hypertrophic foci of the parotid glands characterized by focal hypertrophy and hyperchromasia of acinar cells was seen in Sprague-Dawley rats and Swiss mice with overall incidences of 4.8% (102/ 2,138) and 0.6% (4/723), respectively. In rats, the incidence increased significantly with age, but the size and number of the lesions per rat did not. Based on the similar incidence in both control and treated animals, lesions were considered to be spontaneous. Their morphology and growth pattern suggested that they were neither degenerative, necrotic, hyperplastic/preneoplastic, nor neoplastic, but, that they are a distinct pathologic entity of a nature not yet determined.
In spite of the large number of rodents that have been examined histopathologically in recent years, reports of spontaneously occurring lesions of the parotid glands in laboratory rodents are relatively infrequent. The reasons may be that the salivary glands 1) have not been considered to be a major organ and have not been routinely examined histologically in the past, 2) have few primary lesions with low incidence, and 3) have rarely been shown to be a target organ in toxicity and oncogenicity studies.
Focal changes of the parotid acinar cells characterized histomorphologically by enlargement and increased basophilia have been seen in rats and mice used in safety assessment tests of chemicals at Haskell Laboratory. Similar lesions have been reported to occur spontaneously or to be induced experimentally in several strains of rats.IJ1J2J5J6 However, the occurrence of such lesions in Sprague-Dawley rats and mice has not been documented. In addition, this lesion has not been described in humans. Generally, information regarding the nature, classification, terminology, and incidence of this lesion is fragmented and confusing. Because of its characteristic histomorphologic appearance, the lesion is called basophilic hypertrophic focus in this report. This paper reports the incidence and histomorphology of the lesion in rats and mice and discusses its nature, significance, and terminology.
Materials and Methods
Male and female C r K D @ (SD)BR Sprague-Dawley rats and Crl:CD@ -1 (1CR)BR Swiss mice (Charles River Breeding Laboratories, Wilmington, MA or Kingston, NY) were used as untreated control or treated animals in recently conducted safety evaluation tests of chemicals by either feeding or inhalation exposures. Animals were separated by sex and housed either individually (mice only) or up to three in suspended stainless steel wire-mesh cages in light, humidity, and temperature-controlled rooms. PurinaB rodent chows [mixed with 1.0% (w/w) Mazola@ corn oil to the ground feed for feeding studies] and tap water were available ad libitum except during periods of inhalation exposure. Formalin-fixed, paraffin-embedded tissue sections were stained with hematoxylin and eosin and examined by light microscopy.
To examine the effect of age, sex, and type of treatment (feeding versus inhalation, and untreated control versus treated) on the occurrence of the lesion in rats, they were grouped at 3-month intervals. Data were statistically analyzed using a stepwise logistic regression model.' Results in mice were not analyzed because of the small number with the lesion.
Results
No gross or other microscopic abnormalities were present in the parotid glands which contained basophilic hypertrophic foci in either rats or mice. In rats, the occurrence of the lesion showed no statistically significant (P > 0.05) difference between sexes, the types of exposure, or between treated and untreated control groups. Incidence increased significantly (P < 0.05) with age. The youngest rat with the lesion was 3 months old. Distribution of the lesions between control and treated groups in male and female rats is given in Table 1 . In mice, 4 to 19 months old, three of 367 females and one of 356 males had lesions. Of these three female mice, two were from the same control group. One female mouse and one male mouse were from treated groups. All four of these mice were 19 months old when they were sacrificed at the conclusion of 18-month studies.
The morphological appearance of the foci in rats and mice was similar. All foci were detected microscopically. The largest one was 220 pm in its greatest di- mension and was seen in a rat. In general, foci were composed of slightly to markedly enlarged acinar cells (up to approximately 2.5 times normal size) largely due to an increased cytoplasmic mass. The apical cytoplasm stained relatively pale and constituted the major portion ofthe altered cells while the basal cytoplasm stained intensely blue (Fig. 1) . In a large number of foci, a few to all altered cells showed that the apical cytoplasm was variably vesiculated or vacuolated forming a foamy or reticulated appearance (Fig. 2) . In many altered cells such cytoplasmic changes involved nearly the entire cytoplasm. The cytoplasmic membrane at the apex usually was indistinctive, making it difficult to determine actual cell size. Nuclei of the altered cells were also variably enlarged, darkly stained, and located basally. Some hyperchromatic or pyknosis-like nuclei were obscured by similarly dark-stained basal cytoplasm which was conspicuously more basophilic than that of the surrounding acinar cells. Other nuclei had reticular chromatin with large prominent nucleoli. One mitotic figure was seen in a rat, but no mitosis was seen in mice. One focus from the rats and three foci from the mice (Fig. 3) appeared to closely resemble a recently recognized distinct pathologic lesion of the pancreatic acinar cells in r a t~. ? -~J~ Occasionally both hypertrophic and normal acinar cells were found in the same acini. A single necrotic cell was noted in two foci in rats. Despite their irregular shape and contour, the foci were sharply delineated, but not encapsulated although surrounding tissue was slightly compressed in some rats. The majority of rats and all mice had only one focus. A few rats had two foci which were present in either the same lobe or in two different lobes. One rat had four foci in a single tissue section of the same lobe. Although the incidence in rats significantly increased with age, size and number of the lesions per rat did not. The occurrence of these. foci was not related to any factors studied here except age.
Discussion
In this study, basophilic hypertrophic foci of the parotid gland occurred equally in both control and treated animals, thus, they are considered to be spontaneously occurring lesions and related to age. This parotid lesion was first reported to occur spontaneously in aging Wistar rats in 1949l although the lesion was mistakenly claimed to be similar to one reported earlier.1° Ten years later, observations of the spontaneously occurring and experimentally induced lesions were reported in ACI, AXC, F344, and Buffalo r a t~.~' J * ,~~J~ In two recent report^^.^ using the same strain and source of rats as that in the present study or using the same strain but different source of rats, the occurrence of this lesion was not mentioned.
The precise incidence of this lesion is not, known. One report's stated that the spontaneous lesions occurred in "many" rats, while others1IJ6 indicated that Another reported that lesions were not seen in control rats but were seen in two female and three male rats administered 2,7-FAA without specifying to which treatment group (oral, intraperitoneal or both) they belonged.12 Although the lesion illustrated in one report' appears similar to those reported here, the frequency of this type of lesion and to which of the three described categories of oncocytes (few and isolated, moderate, and numerous) this lesion belonged, were not specifically indicated.
This parotid lesion has morphologic similarities"J6 to a distinct type of rat pancreatic acinar cell lesion which has recently been designated as hypertrophic ~o c u s ,~,~ basophilic focus, l 3 or focal basophilic cellular ~h a n g e .~
These include unencapsulated foci composed of enlarged cells with abundant cytoplasm of altered staining character and large nuclei. Furthermore, the incidence of the parotid lesions in rats also significantly increased with age even though the number and size of lesions did not. There are some slight differences however. In most instances basal cytoplasm of altered parotid cells is more basophilic, and the apical cytoplasm in the majority of the cells is more conspicuously vesiculated/vacuolated than that of the pancreas. In addition, nuclei of the altered parotid acinar cells are much smaller and less pleomorphic. These may be related to differences in cell type. Finally, the frequency and the age-related increase in incidence of the parotid lesion is less remarkable compared to that of the pancreas in Parotid hypertrophic cells have been considered to be oncocytes' and foci composed of such cells have been called adenoma-like hypertrophic foci.11J2J5J6 It is apparent that these altered parotid cells have been mistakenly regarded as oncocytes. Oncocytes are now generally referred to as a specific type of altered epithelial cell characterized histologically by enlargement with abundant eosinophilic granular cytoplasm and ultrastructurally by packing with numerous mitochondria. Ultrastructure of the parotid basophilic hypertrophic cells has not been reported. Ultrastructural study of spontaneously occurring altered cells of the parotid gland could be difficult because of their small size and infrequency. Nonetheless, it might be attempted utilizing experimentally induced foci by using 2-FAA or 2,7-FAA. It is worthwhile to note that the induction of this parotid lesion by 4-hydroxyaminoquinoline-1 -oxide (4-HAQO) has not been reported despite the production of hypertrophic cells/foci of pancreatic acinar cells in rats by this ~h e m i c a l ,~~J~ similar to 2-FAA and 2,7-FAA."J2J6 Major ultrastructural features of the pancreatic hypertrophic foci induced with 4-HAQO in rats are a decreased electron density of the zymogen granule contents and an increased rough-surfaced endoplasmic reti~ulum.'~J~ Based on the morphological similarity of zymogen granules between the 4-HAQO-induced altered acinar cells and fetal acinar cells of the pancreas, Shinozuka et al.14 postulated that the altered cells represent a reversion to fetal state and an arrest of cell differentiation. Because of the close structural similarity of the acinar cells between the pancreas and the parotid gland and the histomorphological resemblance between their focal hypertrophic alterations, their ultrastructural changes may also be similar.
The word "adenoma-like" used by some researchers"J2J5J6 to describe the parotid gland lesions reported here is inappropriate from both morphological and biological points of view. Lesions have neither the classical features of hyperplasia/neoplasia, such as increased mitotic figures and cellularity, nor do they resemble the reported adenoma of the parotid gIands.6,8 Furthermore, the present parotid lesions appear to grow, at best, only very slowly as evidenced by the fact that the size and number do not increase with age. There is no or little compression of surrounding tissues. One adenoma in a rat but no focal hyperplasia of the parotid acinar cells in rats or mice has been seen in the present study. Despite occasional isolated cell debris and frequent cytoplasmic vesiculation/vacuolation, this focal alteration is not believed to be degenerative or necrotic in nature owing to the increased cytoplasmic basophilia (probably representing an increased rough-surfaced endoplasmic reticulum), the presence of one mitotic figure in a rat, and a lack of inflammatory reaction. The cytoplasmic vesiculation/vacuolation may be caused by a defect in formation of secretory granules, or a structural change in other cell organelles or inclusions. Furthermore, considering the differences in the morphology and growth pattern from the known or reported hyperplastic/preneoplastic or neoplastic lesion, the present parotid lesions are believed to be a distinct pathologic entity which needs to be determined. The "basophilic hypertrophic focus" is the best descriptive term for this lesion.
